e reviewed 194 revision arthroplasties of the hip and knee performed over a ten-year period. The results of intraoperative Gram staining were available in 169 (87%). Thirty-two were found to be infected (11 hips and 21 knees) and 137 had no evidence of infection.
Infection after revision arthroplasty is a disastrous complication. Adequate preoperative investigations must be done before the operation to ensure that there is no infection. They should include laboratory studies, plain radiography and occasionally scintigraphy and joint aspiration . In patients in whom the presence of infection is suspected clinically but whose preoperative assessment has been inconclusive, intraoperative tests such as Gram staining may be used to determine the presence or absence of infection. Our aim was to correlate the results of Gram staining performed on swabs taken during revision hip and knee arthroplasty on patients with known clinical infection to determine the accuracy of the prediction of infection.
PATIENTS AND METHODS
We reviewed all patients who had had revision hip or knee arthroplasties performed at Tulane University Medical Centre between 1982 and 1992. The 194 patients included those who had had reimplantation of another component and others who had an excision arthroplasty for known or suspected infection. Complete clinical data, including the results of intraoperative Gram staining, were available for 169 (87%); there were 101 hips and 68 knees. In the remaining 25 patients, complete records were not available or Gram staining had not been performed. None of these patients had had preoperative clinical evidence of infection.
We reviewed the clinic and inpatient charts and operating notes to determine if the patient was infected at the time of revision and/or taking antibiotics. We also compared the intraoperative Gram stain and the final results of culture which had been obtained at operation. A patient was judged to be clinically infected at the time of revision surgery if the clinical course and intraoperative appearance were consistent with infection, which was confirmed by intraoperative cultures and/or histological examination according to previously published guidelines . Patients who had a single positive culture and no other evidence of infection based on the clinical course or tissue histology were considered to have a false-positive result. All patients judged to be infected had at least one positive intraoperative culture on solid media and/or histological confirmation of the presence of acute inflammation.
At our institution Gram staining is interpreted by a technician and the results are relayed to the theatre. It is negative if no organisms are seen. If polymorphonuclear leucocytes (PMNs) are present, they are grouped according to the number of PMNs per high-powered oil-immersion field (Table I) .
RESULTS
Thirty-two of the cases were diagnosed as infected at the time of the revision operation and 137 had no clinical or histological evidence of infection. Of the 32 infected joints, 11 were hips and 21 were knees.
No bacteria were seen on the Gram stain in any of the revision procedures, including the 32 with documented infection.
The number of PMNs visualised per Gram stain were classified semiquantitatively as absent (0 PMNs), rare (1 to 5 PMNs in some, but not all high-powered fields), few (1 to 5 PMNs in all fields), moderate (5 to 10 PMNs in all fields), or numerous (>10 in all fields). The number and percentage of each seen in infected and non-infected cases are shown in Table II . We determined the significance of the number of PMNs present using the chi-squared test. Gram stains in which no PMNs were seen were associated with an absence of infection (p < 0.046). Those classified as rare were suggestive of the absence of infection, but this was not significant (p > 0.083) and those classified as few or moderate had no clinical correlation and no statistical significance. Gram stains classified as showing numerous PMNs were significantly more common in infected than non-infected cases (p < 0.05). The definition of more than ten PMNs per high-powered field (numerous) as positive for infection, gives a sensitivity of 18.8%, a specificity of 95.6%, an accuracy of 81%, a positive predictive value of 50% and a negative predictive value of 83%. Although numerous PMNs were seen more often in infected cases, this finding accurately predicted infection in only half these cases.
DISCUSSION
The Gram stain was devised in 1884 by Dr Christian Gram, and has undergone countless modifications (Kopeloff and Beerman 1922) . The properties of the bacterial cell wall determine whether the organism will be Gram-positive or Gram-negative and have a role in the choice of antibiotic when infection occurs. Gram staining has been advocated as a quick method of determining the presence or absence of bacteria by histological examination. A specimen must have a bacterial density of at least ten organisms per millilitre, however, to visualise an organism under the oilimmersion lens of a microscope (Eftekhar 1993 Mirra et al (1976) , who described the presence of five or more PMNs per field in swabs of infected arthroplasties and the absence of PMNs in non-infected revisions. Their findings were based on permanent histological sections, but in our study the presence and number of PMNs on Gram staining did not correlate strongly with the presence or absence of infection.
Our results show that the absence of organisms on a Gram stain is not a reliable indication of the absence of infection. Any decision to proceed with revision of an arthroplasty should not be based on the findings of an intraoperative Gram stain. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. 
